Recent studies focusing on autonomic nervous system (ANS) dysfunctions, together with theoretical pathophysiological models of musculoskeletal disorders, indicate the involvement of ANS regulation in development and maintenance of chronic muscle pain. Research has demonstrated the effectiveness of heart rate variability (HRV) biofeedback (BF) in increasing HRV and reducing the symptoms of different disorders characterized by ANS aberration. The study investigated the effects of resonance frequency HRV BF on autonomic regulation and perceived health, pain, stress and disability in 24 subjects with stress-related chronic neckshoulder pain. Twelve subjects participated in 10 weekly sessions of resonant HRV BF and were compared to a control group. Subjective reports and HRV measures during relaxation and in response to a standardized stress protocol were assessed for both groups pre-and postintervention. Group X time interactions revealed a significantly stronger increase over time in perceived health (SF-36) for the treatment group, including vitality, bodily pain and social functioning. Interactions were also seen for HRV during relaxation and reactivity to stress.
Introduction
Neck and shoulder pain is one of the most frequently reported occupational complaints in Sweden (Statistics Sweden 2008) associated with psychosocial and mental stress (Bongers et al. 2002; Linton 2000; Lundberg 2002) . The autonomic nervous system (ANS) is an important factor in pathogenesis of chronic muscle pain (Passatore & Roatta 2006; Johansson et al. 2003; Maekawa et al. 2002) . Elevated sympathetic activity may alter pain perception/sensitivity by increasing muscle tension (Roatta et al. 2008; Larsman et al. 2009 ) and impairing local microcirculation in the affected muscle (Larsson 1995) . Furthermore, myofascial trigger points are characterized by increased spontaneous EMG activity, which may reflect sympathetic modulation of muscle spindle fibres (Hubbard & Berkoff 1993; Gevirtz 2006) . Recent studies have shown involvement of the ANS in localized chronic muscle pain.
Generally, cardiovascular markers reflect increased sympathetic activity concomitant with vagal withdrawal at rest and altered reactivity to stress (Gockel et al. 1995; Kalezic et al. 2007 Kalezic et al. , 2010 ; Leistad et al. 2008) . However, there is a need for non-invasive behavioral treatment to improve ANS regulation and pain among those suffering.
Aspects of ANS function can be assessed using heart rate variability (HRV), which is also an acceptable biomarker of autonomic regulation (Task Force 1996) . Antagonistic modulation of the heart via the parasympathetic and sympathetic branches of the ANS is reflected by fast and slow oscillations in beat-to-beat heart rate (Berntson et al. 1997) . One way to increase HRV is through slow paced breathing using HRV biofeedback (BF) (Vaschillo et al. 2006 ). The amplitude of HRV is maximized during slow breathing, approximately six breaths per minute. The physiological mechanism involves baroreflex control of HR, compensating for changes in blood pressure via the ANS. It has been suggested that resonance frequency breathing (i.e., the breathing frequency that causes the largest HR oscillation amplitude) may strengthen baroreflexes, thus improving the autonomic functioning (Vaschillo et al. 2002; Lehrer et al. 2003) . HRV BF has shown to be useful in treating symptoms in various disorders characterized by aberration of the ANS (Wheat and Larkin 2010) , including posttraumatic stress disorder (PTSD) (Zucker et al. 2009 ), depression (Siepmann et al. 2008 ) and heart disease (Nolan et al. 2005) as well as musculoskeletal pain (Hasset et al. 2007; Kapitza et al. 2010 ). However, further controlled studies are needed on muscle pain. In order to investigate the possible effect of HRV BF on ANS regulation it is important to assess HRV during reactivity and recovery to various tests in addition to rest.
Therefore, the aim of the present pilot study was to investigate the effects of resonance frequency HRV BF on ANS regulation and perceived health, pain, stress and functional disability in subjects with stress-related chronic neck-shoulder pain. We hypothesize that 10 weeks of resonance HRV BF treatment in subjects with stress-related chronic neck pain will increase basal HRV and reduce symptoms, in comparison with a control group.
Methods

Subjects
The study included 24 subjects, 22 women and 2 men (mean age 40.5 years; range 25-50), reporting chronic neck and shoulder pain and perceived stress. Subjects were recruited through the stress clinic (PBM Sweden), advertisements on the website, recommendations from associated physiotherapists and invitations to public service employees in two cities north of Stockholm, Sweden. Respondents underwent a structured telephone interview and filled in forms to ensure they met the case criteria for neck-shoulder pain and were then randomly assigned to an intervention or control group (see Table 1 ). From a total of 60 respondents (4 males, 56 females), 24 eligible subjects were included in the study. Inclusion criteria were: age between 20 and 50 years and perceived pain and/or other symptoms of muscle discomfort primarily located to the neck-shoulder area, observed for at least 6 months and persistently over the last six consecutive weeks. Diagnosis of neck-shoulder pain and stress related symptoms were evaluated by a specialized psychologist. Exclusion criteria were: regular use of medications known to affect ANS function or pain perception two weeks prior to participation including antidepressants, benzodiazepines, anti-inflammatory medications and betablockers. Subjects reporting diagnoses of rheumatism, diabetes, traumatic musculoskeletal system damage, chronic neurological and endocrinology syndromes as well as hypertension, coronary artery diseases, substance abuse and overweight (BMI>30) were also excluded. All subjects were informed of the study aim and the details of the clinical and experimental examinations. Before participation, subjects gave their written informed consent. The study was approved by the ethics committee at Uppsala University.
Design and protocol
The study employed a single-blind design. The experimenter performing the pre-and postintervention measurements did not know to which group (treatment vs. control) the subject belonged. The treatment group participated in 10 weekly sessions of resonance HRV BF training led by a licensed psychologist. During Session 1 and 10, individual resonance frequency was assessed by having the subject breathe at various frequencies. The control group took part in the breathing protocol in Session 1 and 10, without any prescribed treatment in between. In order to evaluate treatment efficacy regarding subjective and physiological outcomes, both groups took part in an extensive assessment protocol the week before and after intervention.
Resonance HRV biofeedback
The purpose of the first training session was to asses each subject's resonance frequency. The procedure consisted of the subject breathing at various rates following a visual pacer, alternately set at 6.5, 6, 5.5, 5 and 4.5 breaths per minute for two minutes each. The paced breathing periods were separated by 2 minutes of free, non-paced breathing. HRV spectral power was computed and analyzed for each period, and additionally, the resonant frequency was defined as the respiratory frequency that produced the highest HRV in the low frequency band (LF HRV 0.04-0.15 Hz; Lehrer et al. 2000) . The first session started with a 10-minute adaptation period during which the subject was comfortably seated in an armchair, hooked up to the equipment, and given an explanation of the test procedure. This procedure was later repeated at Session 10 for both groups.
For Session 2-9, the respiratory pacer was set at the particular frequency found in the previous session. Each session included four five-minute periods of resonant breathing with two mi-nutes of rest after each period. In order to maximize HRV during the training sessions, small adjustments in individual breathing frequency were made, as previously described (Vaschillo et al. 2006) . Subjects received visual HRV feedback during resonance frequency breathing.
They were instructed to try to maximize their peak-to-peak HRV as well as to attain the phase between respiration and HRV changes as closely as possible. In each session, ETCO 2 was assessed to ensure that the subject was not hyperventilating. If ETCO 2 fell below 3.5%, the subject was reminded to breathe less deeply. Between sessions, subjects were instructed to practice paced breathing for at least 15 minutes a day, five days a week, at home. They were instructed on how to use a regular watch as a pacer and were also given pacer software to use on their home computer (EZ-air, downloadable from www.bfe.org). Controls were instructed to perform their usual activities and were not refrained from any pharmalogical or behavioural treatment, besides those stated as exclusion criteria.
Stress tests
Assessment of ANS regulation under the resting condition and reactivity to stress, together with self-estimates, was carried out the week before and directly after the 10-week resonant HRV biofeedback training. Specific functional tests were selected to target different aspects of autonomic reactivity. Baseline HRV was obtained after 10 minutes of rest, followed by a hand grip test (HGT), a cold pressor test (CPT) and a deep breathing test (DBT), with a 5-minute recovery period after each test. The subjects were instructed to relax and breathe normally, i.e. not to practice slow breathing. Examinations were conducted in the morning between 8:00-10:00 or in the afternoon between 13:00-15:00, and each subject was assessed at the same time of day on all occasions. During the continuous measurement the subjects were seated in a comfortable chair, adjusted for each person to a semi-reclined position. The temperature in the room was approximately 23ºC and the light was dimmed to provide a relaxing atmosphere. Beforehand, subjects were asked to refrain from smoking, caffeine intake, eating and drinking two hours prior to examinations.
The hand grip test (HGT) was used as a physical stressor. During this test, the subjects performed a maximum voluntary contraction by pressing a dynamometer with their dominant hand and then maintaining their grip at a level of 30 percent of maximum voluntary force for three minutes or as long as possible. The HGT is a sensitive test of sympathetic function (Khurana & Setty 1996) .
The cold pressor test (CPT) induces a sympathetic response predominantly mediated by nociceptive C-fibres (Lovallo 1975) . CPT was carried out by immersing the subjects' dominant hand in cold water, approximately 3º Celsius, for a maximum of three minutes or as long as possible. The subjects avoided isometric contraction, hyperventilation or held expiration during the test. The CPT is a widely used and documented test of sympathetic function (Fagius et al. 1989; Victor et al. 1987 ).
The deep breathing test (DBT) causes large oscillations in heart rate, which is modulated by activity of the baroreflex (Davies et al. 2002) . DBT was carried out by subjects breathing 6 breaths during one minute, following a paced stimulus presented visually on a computer screen and auditorily from two speakers (i.e., Breathe in -Breathe out). The difference be-tween the largest R-R interval and the shortest R-R interval for each of the six breathing phases was calculated.
Stress reactivity was defined as the change in HRV over time (test-baseline) and recovery as the change from test to resting condition (rest-test). Frequency domain parameters of HRV were extracted from 2-minute segments. Two subjects in the treatment group failed to complete 2 minutes of the HGT, and only seven subjects in the treatment group and 8 controls fulfilled CPT. Therefore, 60 second segments were used when analyzing the time domain measures of HRV for these tests. The 60s segments were averaged over a 4-minute period during baseline.
Measures
Questionnaires
Health-related quality of life was assessed using the Short Form 36 Item Health Survey (SF-36) whose proven reliability and validity extend to the Swedish translation (Ware et al. 1998 ).
It contains 36 items and includes eight different subscales addressing different aspects of mental and physical health (i.e., physical function, physical role, bodily pain, general health, vitality, social function, emotional role and mental health). The subscales range from 0 to 100, with higher score indicating better health.
Pain intensity was assessed using the Borg CR10 scale. Subjects were asked to report their perceived pain in the neck/shoulder area "currently", i.e. when they arrived for the laboratory examination, and "for the past six months" on separate days. The scale ranges from 0 "not at all" to 10 "almost unbearable", and shows satisfactory reliability and validity (Borg 1992) .
Stress related symptoms were assessed using the stress medicine symptom scale (SMSS).
Subjects rated the frequency and impact of 14 symptoms on a scale from 0 to 7. A summation was used as an index of total symptom report, which ranged from 0 to 98. SMSS has recently shown good reliability and acceptable validity.
Disability due to neck-shoulder pain was assessed using the neck disability index (NDI) (Vernon & Mior 1991) . NDI is a short questionnaire that contains 10 items on the extent to which pain is affecting the individual in different aspects of daily life (i.e., reading, driving lifting, sleeping, etc.). The scale ranges from 0-100, with higher scores indicating more disability.
NDI is the most commonly used self-report measure for neck pain and good reliability and validity have been reported (McDermid et al. 2009 ).
Levels of anxiety and depression were measured using the Hospital Anxiety and Depression Scale (HAD). HAD consists of a depression and anxiety subscale. Scores on each subscale range from 0 to 21. A score above 7 but below 11 is interpreted as mild anxiety or depression, and a score above 10 is interpreted as clinical anxiety or depression (Zigmond and Snaith, 1983) . Good psychometric properties have been reported for this instrument that extends to the Swedish translation (Lissbergs, Nygren, and Soderman, 1997) . 
Statistical analyses
T-tests and Chi square analyses were conducted in order to investigate similarity between the groups in patient characteristics pre-intervention. Repeated measures analyses of variance ANOVA (group X time) were carried out to test treatment efficacy with regard to improving self reports. A significant interaction (group X time) was interpreted as an effect of treatment, while a time effect (pre -post) was interpreted as a regression towards the mean. Additional exploratory ANOVA (group X time) were conducted for HRV at rest and for the responses to HGT, CPT and DBT. All statistical analyses were carried out using SPSS software installed on a PC. The alpha level was p ≤ 0.05.
Results
During baseline both groups showed comparable distributions of age, gender, BMI and pain (Table 1) . One subject in the control group dropped out after the first session and one control subject did not return for the stress assessment after 10 weeks, but did fill in the questionnaires. All subjects in the treatment group completed the measurements before and after treatment. 
SF-36
The SF-36 scores were similar between groups before the intervention started. For the SF-36 sub-indices, significant interaction effects (group X time) were seen for vitality (p = 0.005), social function (p = 0.047) and bodily pain (p = 0.049) in increased ratings over time for the treatment group compared to controls. Ratings of physical function, bodily pain and vitality were affected by time, indicating an increase over time for both groups (p < 0.05) ( Table 2 ).
Stress-related symptoms
No group differences in SMSS were found before the intervention. The sum of total symptoms did not show significant time or interaction (group X time) effects (Table 2) .
Pain and disability
Pain intensity in the neck-shoulder region, assessed using the Borg CR10 scale, decreased after 10 weeks, as revealed by an effect of time (p = 0.009). There was no interaction effect (group X time). NDI scores significantly decreased by time (p = 0.012) with no significant interaction effect (Table 2) .
HAD
The level of depression and anxiety did not differ significantly between groups before the intervention. Ratings of perceived anxiety and depression were reduced after 10 weeks, as revealed by main effects of time (p < 0.05). No effect of treatment (group X time) was seen ( 
Stress tests
Resting HRV
Results of resting HRV revealed no significant differences between groups in autonomic tone before the intervention. After the intervention, the treatment group tended to increase their resting HRV, whereas controls showed lower HRV. The interaction effect (group X time) was significant for LF power (p = 0.016) but no other measure of HRV reached significance. An ANOVA did not reveal any effects of time (Table 3) .
Hand grip
To evaluate whether the treatment had any effect on sympathetic to parasympathetic regulation during reactivity and recovery from stress, additional ANOVAs were conducted (group X time) for all HRV variables. The amplitude of the HRV response to HGT increased with time for the treatment group as compared to the control group. ANOVA revealed significant inte-ractions (group X time) for IBI (p = 0.011), pNN50 (p = 0.050) and LF power (p = 0.023) ( Table 4) Resonance frequency (mean = 5.7/min) was equal in both groups before treatment and did not change across sessions, indicating the stability of respiratory frequency during treatment.
Discussion
The present study investigated the effects of HRV resonance biofeedback on autonomic regulation and self-assessed health, disability, and pain in subjects with stress-related chronic neck-shoulder pain.
Resting heart rate variability The present study found relatively small but significant treatment-related differences in HRV between groups. For resting HRV, only low frequency (LF) power increased significantly more in the intervention group after 10 weeks of HRV BF, in comparison with controls. LF has been suggested to reflect both PNS and SNS modulation of the heart, possibly mediated by baroreflex control (Berntson et al., 1997; Task Force 1996) . Thus, we do not know if the results reflect reduced sympathetic or increased parasympathetic tone. Lehrer et al. (2003) investigated the physiological effects of HRV BF in healthy adults and found a session-bysession increase in LF HRV and baroreflex gain independent of respiratory changes. In contrast, we could not demonstrate an increase in HR oscillations during DBT, which is known to activate the baroreflex (Davies et al. 2002) . This suggests that the marginal increase in resting HRV was explained from a non-specific central effect rather than increased baroreceptor gain.
Furthermore, the increase in LF at rest could be influenced by a slower breathing during the relaxation phase after 10 weeks intervention. However, great care was taken informing participants to breathe normally during rest conditions, and there was no significant change in respiration rate during rest over the 10-week period. In patients with depression, long-term increases in HRV were found in comparison with healthy controls (Siepmann et al. 2008) . Im- 
Stress reactivity and recovery
The strength of this study is the extensive autonomic testing which was separated from the treatment sessions. In the present study, treatment effects were seen in HR and HRV in terms of enhanced reactivity to CPT and HGT in the intervention group. Although this could suggest favourable effects of HRV BF on ANS regulation, the results must be interpreted with caution considering the marginal sample size. This is the first study to explore the effects of HRV BF on recovery from stress in addition to resting periods. The hypothesis of increased parasympathetic activity during recovery from stress was only partly supported in terms of enhanced SDNN after HGT, whereas the other measures of HRV did not show such effects.
A possible explanation concerning the small treatment effects in HRV could be that some individuals in the study group may not have had a severe reduction in HRV in the first place. Hence, the effectiveness of treatment in increasing HRV might have been smaller. In a recent study (Siepmann et al. 2008) , no significant increase in HRV was seen for a healthy control group that underwent HRV BF, even though a moderate HRV increase was seen in patients with major depression who received the same treatment.
Subjective ratings
The subjects with chronic neck-shoulder pain who received HRV BF increased their perceived health after 10 weeks, in comparison with controls. More precisely, this improvement was seen for the SF-36 in relation to bodily pain, social function and vitality. In accordance, clinically relevant decreases in pain were found in subjects with fibromyalgia after 10 weekly sessions of HRV BF (Hasset et al. 2007 ). Overall, HRV BF has been effective in improving various health outcomes (Wheat and Larking 2010) .
In the present study, it was hypothesized that self-rated pain would decrease during HRV biofeedback training. However, this was only partly supported by an improvement in bodily pain assessed with SF-36, whereas no treatment effect was revealed from pain assessed with Borg CR-10 scale. It is well known that HRV BF acutely affects ANS regulation (Hassett et al. 2007; Wheat and Larking 2010) . It was, thus, expected that improvement in symp-toms would be related to an increase in HRV. However, as only marginal changes were observed in HRV, this was not sufficiently supported. In contrast, Nolan et al. (2005) demonstrated an association between augmented vagal activation and reduced stress perception after five sessions HRV biofeedback in patients with coronary heart disease. Similarly, a controlled pilot study on subjects with PTSD showed that a change in HRV during HRV BF treatment was able to predict PTSD symptom reduction (Zucker et al. 2009 ).
In the present study, many of the subjective reports showed improvement over time for both groups, which indicate that the attention paid to the control group could have influenced the results. Even though the treatment group showed reduction in pain and disability ratings after 10 weeks, the interactions were not significant, perhaps due to the high variability and small sample size. Furthermore, the present patient group showed relatively low pain intensity at the moment of intervention, , and mild disability compared to other studies on chronic neck pain (Gockel et al. 1995; Mcarthy et al. 2007 ). This may have created floor effects. As the present study included participants within a wide range of pain, it is possible that this variability also could have influenced the results.
Implications for future research
Future studies may benefit from including persons with more advanced symptoms. In addition to physical stressors such as HGT and CPT it is important to test autonomic responses to mental stressors as well. It would also be interesting to compare HRV BF with another form of non-invasive treatment known to affect ANS regulation, such as prescribed physical activity.
Conclusion
The present pilot study showed improvement in perceived health over 10 weeks intervention with HRV-biofeedback in subjects with stress-related chronic neck-shoulder pain. Increased resting HRV as well as enhanced reactivity to HGT and CPT might reflect beneficial effects on ANS regulation, and may further suggest that this intervention protocol is suitable for a larger controlled trial. 0.72 (1.63) The HRV reactivity and recovery scores (means and standard deviations) were calculated as the difference between baseline and test and from test to resting condition, respectively, for normal-to-normal R-R intervals (IBI), the standard deviation of normal-to-normal R-R intervals (SDNN), the proportion of successive differences between adjacent R-R intervals >50 milliseconds (pNN50) and for log transformed low frequency power (log LF), log transformed high frequency power (log HF) and the ratio between LF and HF power (LF/HF). *significant group X time interaction (p ≤ 0.05) Figure 1 shows SDNN (ms) during baseline, HGT and rest, pre-and post-treatment for treatment and control groups, respectively Figure 1 
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